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(57) Abstract: 

PURPOSE: To reduce ttie collector parasitic capacitance 
for higher operation speeds in a HBT having a p-type 
collector layer, L-BCT having a collector layer of 
n^.n-p^ structure or HBT having a thin collector layer 
with respect to the manufacture of semiconductor 
devices. 

CONSTITUTION: A hetero-ju notion bipolar transistor 
includes a subcoltector layer 2, collector layer 3, base 
layer 4, emitter layer 5 and emitter cap layer 6. A 
compound semiconductor layer required for the formation 
of such a transistor, is deposited and grown, and a mesa 
etching is performed to a depth of the base layer 4 to 
form an emitter mesa. A sidewall insulating film 9 is 
formed, and then a mesa etching ts carried out to remove 
the portion from the base layer 4 surface to the 
collector layer 4, included, and form a step. An 
external collector layer 10 to fill the step and an 
external base layer 11 integrally- connected with the 
side of the mesa-shaped base layer 4, are deposited and 
grown. 




(i9)B*B#i^jf cj p) (12) ^ M ij^ fip ^ ^ (A) ai:>^m^iiim&mm^ 

#li¥6- 188254 



frrtfia*-^ F I mm^Wn 



7377-4M H 0 1 L 29/72 





!RfffiT4-341760 




00000S223 










C22)d[]jeB 


¥J5K4^C1992)12^22B 




#^jii»jiii^mffMPf h/J^Bt^'lol5#l& 






(.72mmm 





























(54) immoim^i ^^m4^mmo>mm.:^m 



(57) ^] 

O L - B C T^(.i«»Vin U-^ iS'MS: t>-pH B T;fe<H fr 

-y-:/ • :3 U^^g 2S:t;n u^^m 3mP<. 
—7.m 4 J^tKxS y 5 2/ i57 - 4^ y 6 



H 0 1 L 21/331 
29/73 
29/205 




1 s : 3 u^" ^Sffi 



1 

[0 0 0 1] 

imMho^^im^m] :^mmt. i^mtA 1 caAs/ 

G a A s m^^o:>^t^<^^¥mmm^m^^r^^y'am^ 

/l-f 3i?— ^ • h^>i>X^ (heterojuncti 
on bipolar transistor: HB 

T) t.mm^^mimm^m^-r^:^<D^\zmt 

•So 

[0 0 0 2] HBT«, wiimmiizf-m^mmmti^m 

[0 0 0 3] 

T?ViT/'^J;^fiA 1 GaAs/GaAs?SHBT (np 
^~7.mrf:^\ZtE^ nM3 U^^mm^iZ^ :t>t:^ 
[0 0 04] Sfc. A 1 GaAs/GaAsJ^HBTCD 



(2) i^H^spe-l 8 8 2 54 

2 

n 9 88mm^m^m^ sp-d-i 

6 J , ^t/ifi. n* -n- -p* m^^JU^^r 

w^mm^^^mm^m^ voi. 91 no. 42 

4 ED9 1-16 6 — 1 8 8J Sr#flg) d^^^tlT 
[0 0 0 5] 

/<7 [^HJ;ei5j^bJ;5<hi--5^] HBT{^:^tt-53l/i7 

^mm^ism-^^^ mmvrcm^^~7.mmT-^iz& 

^nu^:^mB^lz-<^>^^VX^^^-i>^-^^^ 

n\y^i^m<Dm^^nm^^x>m\za\^rzLiiB 

T> ^t/ifJ. nl/i7^^S:n* -n" -p* 
L-BCTT?i5-5HBT{C:OViX{J. ^{c:?ra51^fcrr 

OZt.\ZU.^o 

[0 0 0 6] t.z.^-<i. ^mmz-{^y^WK\^-<ym 

$tl-5fe©<fc#^&tlTVi.5o GaAs©»^, 
d^<> nMGaAsfCK-5/ma, =^^y>-fe;i' 

^■rJ;5fc:;^t3TU*5. «&:3T. GaAsCD»^{c: 
tt. p-GaAsJ;?)'bn-GaAscr):^rdK:t>SA 

|ggOp-GaAs^-X«^0* ®?iAT^mbb 

Jl^rTp-GaAs feS^rC^bT^-S <i:#^ ^tlTt^i-S 

:^f^f£PcL:fcVirrl/^7:5'JlO±{c:p-GaAs^— 
7.Sd^»UT(.i-50T. ZL(D^—7M\Z^^^7J^ 

[0 0 0 7] 2^^BJ(3:. pSinU'i'^i'S?:*)-S)HBT-^ 
-n- -p* «lign^i7iS^M^fe:3L-BCT^(.i 

a^t/i3l/^7iS'S§feoHBT;^£f^;K-i/^Tfe. nv^ 

^m^^m.^-^zf^^^-xMmL^^±.x^^^o 

\z~t^. 

[0 0 0 81 

so dfwmxMu^-7.mm:'mmmm\z^-ox'i^mt 



3 

[0 0 0 9] :i<Dj^ofS:^t.i)-^^. 2t:^WtC^feS#^ 

M<Dm&m\zm^x\t. ( i ) < t - n 
i/i^iS'M (m{i-y->^- 3U'^iS'g2) Rr/^ni/i^i5'S 

4) &t/x^s/i?S (M^fix^y^'gS) S.d^x5>y 

(mtmifP'^-TLa 1 1) (D^n^en^mmv 

[0010] (2) SfttS (1) }w**t/iT. ^-XSCDS 

[0 0 11] (3) MBS (1) ^V^tt (2) Ki^ViT, 

fiA 1 GaAs/GaAs^HBTl? i -A 1 As) 

[0 0 12] 

^t}^^m^m^^^t.^^m^^K>. n* -n- - 

[0 0 13] 

(Djs^m^zm-f^ H B T<Dmimwmmx$> d , 

[0 0 14] 01#M 



(3) #M^6-l 88254 

4 

1-(1) 

^^^m:ii\f^^iy^)l^^& (mo 1 e c u 1 a r be 
am ep i t axy : MBE) fe^jSffl-T-SCIiifil'fe 
^i_h{c+i-:/- ni/^?iS'J12, ni/i^^MS. ^ 

6 ARXM=^<DJl^ V 6 B;&^e;5:SX5 

[0 0 15] msmijmmi^^-^'^rc.^^^m^m\z 

(D S^ltCOViT 

^*^:^l^:ftGaAs 

© If:/ • n Ui^rJ'il 2 {C-:3(/iT 

W^: n— GaAs 

5X1 0'» Ccm-n 
JP^ : 5 0 0 Cnm] 

[0016]® :3U'^7^a3{C-:3t/iT 
W^- n— GaAs 
^^<^>5^: 3X1 0'* Can"] 
JP^ : 3 0 0 Cnm] 
® XS4{c:-:Pt/^X 
$^5H^: p — GaAs 

4X10" Can"] 
JP$ : 5 0 Cnm] 

[0017]© JL^yi^m^\Z.^^^X 
W^: n— A 1 GaAs 

ym^smm-. ixi o'^ can-'] 

: 1 5 0 Cnm] 
© H— <DX5 ■ ^yy^me AlC-ptiT 
^^f-: n— GaAs 
^mm: 1X10" Can"] 

: 1 0 0 Cnm] 
[0 0 1 8] ® fcCDXSy^' • =¥yy'/m6 B]Z-D 

: n - I n G a A s 

5X1 0" Can"] 
JS$ : 1 0 0 Cnm] 

[0 0 19] nI/i?i5'S3<DJ¥$«3 0 0 Cnm] 
75S5 0 0 Cnm] CD^ffil?. *7S:. ^— ;^B4®J¥^ 
fil 0 Cnm] Tbmi 0 0 Cnm] ©igffl-U^n^n-E 

{J. n-GaAs{C|!S'5:it;^<. p-GaAs^0M3: 

1 - GaAs*fflt/^-5Ciid^-e^. ^S<^)J5!g 
:e^*)ffin5MBEfefC|®^$tl-5C:^:;fe<. mfi> 
^a^fe^tffli^ (metalorganic c 
hem leal vapour depositio 

n : MOCVD) ^^jfiffi-T-S^li^Silf^^o 
[0 0 2 0] 02#M 

2- (1) 

^i? rJ' - y»6 B±{ClP$M^f^4 0 0 Cnm] (DW 



5 

s i X i^^^^mmm'ti^^^o 

2- (2) 

(1) izM^^xm^vrzWS i. :&i&;i&:-5«®K®A*:$' 

[0 0 2 1] 2- (3) 
Xy5^^>hS:^JAfJH3 PO4 : m : H2 0= 
1:1:40 (I nGaAsffl) MSNlh OH : H2 
O2 : Ha 0=3 : 1 : 1 0 0 (GaAsJtt/A 1 Ga 

• x<^5^>5rRtPtJ--i' 1< - Xry5^>y*fr5o 
[0 0 2 2] C:®#a-®^tJ- - X.y5^>i7^i, ^fC^— 

m-L-x. HWSLfcj;5tc-y--r p • x-y5^>i7'&f=H)irr-5 

«eoT. MfEa)J;5^»>xy h -xy 

- X<>5^>i7^3:, mif2 0 0 Cnm] mMf^it. ^ 

CO 0 2 3] 2- (4) 
'fh^^^ffi*^ (c h em i c a 1 vapor dep 

OS i t i on : cvD) m^^mm-T^^tiiz^r). m 

^M^it2 0 0 Cnm} OS i ON^lr^tiS i O2 

2- (5) 

:iiy^>if- :iJx&m^.\i (CHFs +CF« ) t.'T^ 

[0 0 2 4] m3^m. 

3- (1) 

Xy5^>ifj£^jgmf S^tfC^feD. X5y:5^M8J^ 

c/t-y-^ H - '>;f-;i'«feg^9^-7;^i^il^T'^-;^M4 

[0 0 2 5] l§I4#M 

4- (1) 

1 o:SLtWSII^->^Ml l=S^^^o WS i. 
e.;fe-5x5-y:$'«ffi8±JS:d^S i ONy0^e>7S:-5-t^-f H • 

^ z'T^^mi^iitz.'mmi^m\zmr^^f3iy=-^=^M 

[0026] (D ^^nix'i'^^si 0{;:-:?(/iT 



(4) 4#M^6 - 1 8 8 2 5 4 

6 

:fet3pF : i — Ga As 

: 3 0 0 Cnm) 
© ^M^—xm 1 1 {C-:?(^iT 
;fe|5(B|-: p* -GaAs 
^«^: 4X1 0" Ccin-*0 

: 1 0 0 Cnm] 

[0 0 2 7] i^. ^m=iu^^mio(Dm-^it.. 

^m3<Dm^7b^30 0 Cnm] Tafe-Sdiid^^f^UjgS 
^SiJni/^^^l Od^l^^-Xlf* 

SI la. ^1t'fb$nfe'^-;^M40{giMi:— 

-ISWm. 100 Cnm] £4 

[0 0 2 8] 05#M 

5- (1) 

Cnm] /2 0 0 Cnm] CDC r/AuMSJ^lSf 
20 Z.<DC r/AuMOX^-yrS' ■ p<1^-fi!l©X X^ 

y^mai8dtvxi'<fc^oT'fe;P:7 • T7-r^>h:^ 

r/AuM;5iS»$n-g)O-e^)§;0i. .itia^©^*^ 

1 0 Cnm] /5 0 Cnm] /2 0 0 Cnm] ©T i / 
P t/Au^^l.ifSjP$M^fi2 0 Cnm] X2 0 0 
Cnm] OAuBe/AumtCf^gr-&c:<i:;&J"e€-5c 

[0 0 2 9] me^m 

6- (1) 

ji7 i; y if 7 7 -r -5 1/ J^x h • :/n-bxMtAc A 

feO. MfiBlig5- (1) X^m^Vr^C r/AumDyf 
6- (2) 

x-y5^>^- ;^7;^*CC I2 Fj +He<i:-r-51^7-1' - 

xy^>i^<&jiirar-5ei<h{cfer>T, xsyiJ^mes 
8. •y--r F • e^:*-- ;p«6ia^9. ^-7;««ki 2«rvx 

^ibmSP^-XSl l]5:Zm§I5nU'i^^®l OOX 

^-!? -5, 

[0030] 6- (3) 

;^fj2 0 Cnm] /3 0 075^5 0 0 [nm] X$>^A 

c:<D:3U-^'5'm^l 3©*iW{iNi/AuGe/A 

■So 

[0 0 3 1] H5f5©ct5t^bTMji$n^HBTf-JS't/i 
Tfi. 9VU^—7.m 1 1 OTSfe« i - G a A s e^fe-S 



7 

[0 0 3 2] tn^-v. mimmm\z^-DTmm^nrc 
<^0^vrcm^. ^^nui7^mi o^m<m^vTn 

[0 0 3 4] mi^mmiz.mf^m<^ms,miz^r>T: 
i^m^nr:LnBT^-rwMmmmm-^&K). mm 

l/i^ ^'S 3 ICitg^ bT^< J^^ig^n;^ n - G a A s n 1/ 

^iS^S, 1 sfi-y-y • n^'i7^'S2F^{cs-e^^^•y- 
[0 0 3 5] Zlcl-C, 1 4CD;P$ttmfi3 
0 0 Cnm) £(,T"T?*0. 5® 
JP$(3:M;tff3 0 0 CnmD ^LhTJ^.tjT. ^©fte®^ 

[0 0 3 6] :^nmiiMimyrzmmm\zm^rcr. 

[0 0 3 7] M^fi. nm:^l^^3^m<Dm-[iiVT i - 

(Om^Sm-^ e.-rtlfJ, MIBbfc a lOaAs/OaA 

s?SHBTT«. m^i^MW^Ti^^l 2-T?$)-5 i - A 1 
AsS:Mt/^-5C:t/5n?€^> fl«^d^~l 31?*-?)GaA 

[0 0 3 8] Sfc, nm&mmi-^\t. AlGaAs/ 
GaAs^HBTS>^i:b;'fc;5J. ^¥mm^<Dn^-B, 

■5Cl<i:dn?^. nP/I nGaAs?^HBT, 

^VHS. I nAl As/I nGaAs?SHBm^f{Ct) 

[0 0 3 9] 



(5) #M¥6-188 254 

8 

-rS^-tf • X-y5^>^SrffoTgMS:J^^U i^^Jg 

[0 0 4 0] mm^^m^z.t]z'^^T%^n^HB 

i^izmt:><^'f^ ^m^--'7.m\Mrf(D^uui'^m&m. 
mzmss:r^ztii)^^^(ox. ^^tvx i -it 

vif^m^m^^^ztrTmm\i\^fz^:iB'YUi=.\zm^^x 
fe. ^xznv^^m^m-mt'^-^^xmm^^m.^ 

[01] imm~wm^:^^ikf}yj^m\\zim 

§ H B T® JISI5^»r«0Tfe-5o 
5 H B T©llSP^!J»f(RISiaT 

[03] 2^^B^— ^M*^f -s^n^^ici^it 
[04] 

S H B TCD3l§P^!J»fiW0T?*'5o 

[05] :*:^H^— ^M*^-rS^3:^^{C^tt 
§ H B TCD^Sl5^WMffi0T*§« 

[06] 2ti:^^— ^M5filSi-r-5^DJ^^lc:l$-tt 
-5HB T(D3ISP^!BWIBi|®0T$>So 
i-^ [07] :*:^W{::^^lt'5ffiQ)||S£^J{CftoTf^^!e$nfe 
HB T^-r5l^^ffl'M01?*'5o 

[^©Si?g] 

1 ^ 

2 "^-^-nv^d^m 

3 r3l/i7^'Jl 

4 

5 X5->^W 

6 X5;y^ • 

6 A ^— ©xa >y rJ' - ^-^^ V 'ZfM 
40 6 B B^CDXSy^ • ^i'y^'B 

8 X5<y^-BM 

10 m^=2Ui7^m 

1 1 ^m^--^m 

1 2 ^—7.nM 

13 nu^i^nM 

14 nki^^^S 

15 ^^jPnl^i^rJ^a 



(6) 



#H^6- 1 8 8 2 



[1^1] 



m2] 



SSBtOtfrfllSB 



6A 



6B 

J- 



1 

2 : -y^r- 3U^5fJl 

S : =^ i -J 9m 



8 : 31 i 

9 K- ■>:i--'^il6iiBI 



[04] 




1^2 




3 4 5 



1 0 Z^^ty^r^m 

1 1 : ^gB-^-T^S 



(7) 



a^mw-e - 1 8 8 2 




(8) 



#M^6 - 1 8 8 2 5 4 



[07] 




14 A 



6a:^ c03^; 'ip-f •y:?'jB 1 4 : 31^ ^» ^ 



